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Abstract

Background The role of estrogen receptor  (ERp) in the pathogenesis and development of breast cancer (BC) is controver-
sial, and it is currently considered to play contradictory roles in different phenotypes. ERf2 is thought to promote the BC
process, but its role in triple-negative breast cancer (TNBC) has not been reported.

Methods In this study, we collected tumor tissues from 15 patients with TNBC and obtained a variety of TNBC cell lines
as research objects. The plasmid vectors and RNA interference techniques were used to change the level of target genes in
cells, quantitative PCR and Western Blots were used to detect gene expression levels, CCK-8 and EdU assay were used to
detect cell growth, and Transwell was used to detect cell migration and invasion. Dual-luciferase gene reports and RNA
immunoprecipitation (RIP) were used to verify gene targeting relationships.

Results ERP2 was up-regulated in TNBC tissues and promoted the growth, migration, and invasion of TNBC cells. ER(32
regulated hsa_circ_0000732 expression by binding to SCARF1 promoter. Knockdown of hsa_circ_0000732 inhibited TNBC
cell proliferation, migration, and invasion by upregulating miR-1184.

Conclusion Our present study found that ERP2 is upregulated in some TNBC cells and promotes TNBC cell growth,
migration and invasion by regulating hsa_circ_0000732 targeting miR-1184. The special role of ERB2 in TNBC may be the

breakthrough of a targeted treatment strategy for TNBC.
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Introduction

Breast cancer (BC) is one of the most common cancers in
women and a serious global health problem. It can be con-
sidered a heterogeneous group of tumors, including various
diseases in clinical morphology and molecular aspects [1].
A unique subtype of BC tumor accounts for approximately
15-20% of all BCs and more than 50% of breast cancer
mortality [2, 3]. It is triple-negative breast cancer (TNBC).
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TNBC lacks the expression of three important receptors:
estrogen receptor (ER), progesterone receptor (PR), and
human epidermal growth factor receptor-2 (HER-2). Com-
pared with other types of breast cancer, TNBC has a more
aggressive clinical course and is usually diagnosed at a
higher grade, often involving lymph nodes [4, 5]. Because
TNBC patients do not benefit from targeted therapies for ER
(such as tamoxifen) or HER-2 (such as trastuzumab), they
have a poor prognosis and a higher rate of distal recurrence
than women with other BC subtypes [4]. Therefore, it is
a major clinical challenge to attempt to find new potential
therapeutic targets and further research to improve the prog-
nosis of this subtype.

Estrogen receptor o (ER) is a major driver of breast can-
cer, and its role and the role of target genes have been widely
studied. ERa and ERa regulatory genes are the main thera-
peutic targets for controlling hormone-responsive breast can-
cer [6]. The function and expression pattern of ER is differ-
ent from that of ERa.. ERp is widely expressed in normal and
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neoplastic human breast tissues [7]. The exact role of ERp
in breast cancer is controversial ERP. On one hand, studies
have shown that ERf exists in some patients with TNBC,
and its expression is associated with improved prognosis.
The fact that ERp plays a tumor-suppressive role in TNBC
cell models in vitro supports this view [8]. Transient trans-
fection of ERP in the MDA-MB 453 TNBC cell line signifi-
cantly inhibited cell proliferation and metastasis potential
and induced cell apoptosis [9]. On the other hand, we sug-
gest that ERp is associated with reduced TNBC relapse-free
survival, and activation of ER may increase the migration
and invasion capacity of TNBC cells [10].

In addition to full-length ERp (ERp1), there are four other
spliced ERp isoforms: ERB2/cx, ERB3, ERB4, and ERpS.
Some scholars believe that the contradictory role of ERp in
BC is due to the different roles of different subtypes of ERf
[11]. In BC, after ERf1, the most well-studied subtype is
ERp2, which mediates proteasome-dependent degradation
of ERa [12], whose expression is associated with aggressive
characteristics and malignant phenotypes [13]. In TNBC
patients, high levels of ERP2 are associated with early
tumor recurrence [14]. Similar behavior of this subtype has
been observed in TNBC cell lines, where ERB2 and ERp4-5
subtypes enhance hypoxia signaling that is associated with
tumor aggressiveness [15].

In this study, we focused on verifying the role of ERB2 in
the pathogenesis and development of TNBC and exploring
the internal mechanism of its influence on the growth and
metastasis of TNBC. Studies have shown that ERf can bind
to the gene symbol promoter of circular RNA to regulate
the expression level of circRNA, thus regulating the role of
ERp in transparent renal cell carcinoma [16]. Therefore, this
study also started with circRNA, which ERB2 may act on, to
explore its influence on TNBC and its molecular mechanism.

Materials and methods
TNBC tissues collection

Human TNBC tissue samples (n=15) and non-tumor tis-
sues (n=15) were collected from Beijing Anzhen Hospital,
Capital Medical University after obtaining approval from
the Institutional Human Ethics Committee. The samples
were collected from patients who underwent primary sur-
gery without prior chemotherapy or radiotherapy. Informed
consent was taken from all the patients’ prior surgery/exci-
sion of tissue.

Cell culture

TNBC cells (BT-549, SUM-159, MDA-MB-231, MDA-
MB-453, and MDA-MB-468) and normal breast cells
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(MCF-10A) were purchased from the Cell Culture Bank of
the Chinese Academy of Sciences (Shanghai, China). Cells
were all cultured in DMEM (Thermo Fisher Scientific,
Waltham, MA, USA) containing 10% fetal bovine serum
(FBS; Thermo Fisher Scientific). Cells were cultured with
5% CO, at 37 °C.

qRT-PCR

Tissues and cells were lysed via Trizol reagent (Invitrogen),
and then total RNA was extracted and reverse transcribed
into cDNA via a Reverse Transcription Kit (Invitrogen).
Then, RT-qPCR was conducted through SYBR Green
RT-PCR Kit (Invitrogen) on an Applied Biosystems 7300
(Thermo Fisher Scientific). The cycling conditions were a
denaturation step of 94 °C for 10 min, 40 cycles of 94 °C
for 45 s, 55 °C for 60 s, and 72 °C for 45 s, and a final exten-
sion step of 72 °C for 10 min. Results were calculated via
the 2722 method. GAPDH and U6 level were measured as
the internal control. The primer sequences used are shown
in Table 1.

Table 1 The primer sequences of genes

Gene name Primer sequences

ERp2 F: CGATGCTTTGGTTTGGGTGAT

R: CTTTAGGCCACCGAGTTGATT

F: GACCCTCTGTCAGCGAGTTCC
R: GCTAGCTGGAGCCTGATGGAC

F: AGCACGCAAAGCTCCAACAGTGCTTGC
TTAGG

R: CACTGAGTTACTGAGACGTGTCAGAGT
CGGCCGTGTCCTGAATT

F: CCTTGAGGGACGCTTTGTCT
R: GCCTTTGGCCTCTCGATACA

F: TTACAGTGACCAACACCTCTAATG
CCCCA

R: TTCCAACACCTACAGTGACTAATG
CCCCA

F: CATCTGGGCAGTTGCTAAGGG
R: CTGGGGCAGTCCAAAGAACT
F: GAGCCAGTTTGCCGGATACA

R: AGAACACTTTCTGGCACGTAGA
F: AATTCCGACCTCGTCATCAG

R: TGCAGTTTTCCAGCAATGAG

F: TCTCGACATCGAGGACCCAT

R: TGGACCAGTCGAAACCCTTG

F: GTCCTGTGGCATCCACGAAACT
R: TACTTGCGTCAGGAGGAGCAA
F: TTCCACCCATGGCAAATTCC

R: ATCTCGCTCCTGGAAGATGG

ue F: CTCGCTTCGGCAGCACA
R: AACGCTTCACGAATTTGCGT

hsa_circ_0000732

miR-1184

CyclinD1

PCNA

MMP-2
MMP-9
TIMP-1
TIMP-2
B-Actin

GAPDH

F forward, R reverse
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Cell transfection

The si-ERP2 and si-circ_0000732, together with the nega-
tive control siRNA (si-NC), were obtained from Genep-
harma (Shanghai, China) and transfected into TNBC
cells as per the protocol of Lipofectamine 2000 (Invitro-
gen, USA). pcDNA3.1 plasmids were inserted with the
sequences of ERB2. The oligonucleotide against miR-1184
(miR-1184 inhibitor) and control oligonucleotide (NC
inhibitor) were designed and synthesized at Genepharma
(Shanghai, China). After cells were grown to 50-80%,
cells were transfected with the aforementioned plasmids
or their controls, respectively.

CCK-8 assay

CCK-8 assay was performed to evaluate cell viabil-
ity. TNBC cell lines were seeded onto 96-well plates at
a density of 2 X 103 cells/well, cultured for 1, 2, 3, and
4 days, respectively. At the time points indicated above,
90 pL DMEM and 10 pL CCK-8 were added to each well
and incubated for an additional 50 min. Then, the media
supernatant was removed and the absorbance at 450 nm
was measured using a microplate reader (Thermo Fisher
Scientific, USA). Wells containing 10% CCK-8 (90 pL
DMEM and 10 pL. CCK-8) were regarded as blanks. The
experiment was repeated three times, with four repeated
measures of each experimental value.

EdU assay

EdU labeling medium was added to cell culture with EQU
labeling kit (RiboBio, Guangzhou, China). TNBC cells
after transfection were incubated for 2 h and then fixed
with 4% paraformaldehyde (Sigma-Aldrich, St. Louis,
MO, USA). Cells were washed at room temperature by
PBS (Sigma-Aldrich) dyed with an anti-EdU (Abcam,
Cambridge, USA) working solution (Invitrogen). Under
the same conditions, cells were again washed with Tri-
ton X-100 (Solarbio, Shanghai, China) in PBS (Sigma-
Aldrich). Cells were observed via fluorescent microscopy
(Leica, Wetzlar, Germany).

Transwell assay

The re-suspended cells in a serum-free medium were seeded
into the upper chamber, and the basolateral chamber was
filled with 10% PBS. Transwell chambers pre-coated with
or without Matrigel (Millipore, Massachusetts, USA) were
employed to carry out the invasion or migration assay.

An inverted microscope (Carl Zeiss, Jena, Germany) was
applied to observe the migrated or invaded cells.

Luciferase assay

Partial DNA sequences of SCARF1 promoter containing
wild-type (WT) or mutant (MUT) circ_0000732 bind-
ing site 1/2 were amplified by PCR and then cloned into
a luciferase plasmid (Promega, Madison, WI, USA) to
produce site1-WT, site]1-MUT, site2-W'T, and site2-MUT
reporter plasmids, which were separately co-transfected with
pcDNA-ERp2 or si-ERB2 into TNBC cells. Finally, lucif-
erase activities were evaluated through the dual-luciferase
reporter assay system (Promega). Moreover, the binding
of circ_0000732 and miR-1184 was also detected using a
luciferase reporter assay. The sequences of circ_0000732
containing WT or MUT miR-1184 binding site were ampli-
fied by PCR and then cloned into the luciferase plasmids,
which were separately co-transfected with miR-1184 mimic
into TNBC cells.

RNA immunoprecipitation (RIP) assay

The Magna RIP™ RNA-Binding Protein Immunoprecipita-
tion Kit (Millipore, USA) was employed to implement RIP
assay in TNBC cells. Cultured cells from RIP lysis buffer
were collected and cultivated with beads and antibodies of
interest with rotation for 30 min. Normal Rabbit IgG was
seen as a control. After digestion, precipitated RNAs were
isolated and tested by qRT-PCR.

Western blot

An equal amount of proteins were separated on 10% sodium
dodecyl sulfate—polyacrylamide gel electrophoresis and then
transferred onto polyvinylidene fluoride membranes (Mil-
lipore, Billerica, MA, USA). Membranes were blocked in
5% bovine serum albumin (Amresco, USA) with shaking
for 1 h at room temperature, and then washed in 1X Tris-
buffered saline-Tween-20 (TBST) buffer thrice for 5 min
each. Membranes were incubated overnight at 4 °C with
primary antibodies. The following antibodies purchased
from Abcam and Bio-Rad were used: anti-ERB2 (MCA4676,
Bio-Rad), anti-MMP-2(ab92536), anti-MMP-9(ab76003),
anti-TIMP-1(ab211926), anti-TIMP-2(ab230511) and anti-
B-actin(ab8226). Then, membranes were washed thrice for
5 min each with 1X TBST and incubated with horseradish
peroxidase-conjugated goat anti-rabbit or goat anti-mouse
IgG secondary antibodies (Cell Signaling Technologies,
Danvers, MA, USA) for 1 h at room temperature. Mem-
branes were washed thrice for 5 min each with 1X TBST,
and antigen—antibody complexes were visualized with a
chemiluminescent ECL detection system (Pierce, Rockford,
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IL, USA). Blots were scanned and analyzed via Image J
software.

Statistical analysis

Statistical analysis was performed using the SPSS v.
21. A Student’s ¢ test was used for continuous variables
using GraphPad Prism v. 6.0. All results are presented as
means =+ standard deviation of the means. The correlation of
gene expression level was analyzed by Pearson. A P <0.05
was considered significant for all statistical tests.

Results

ERB2 was up-regulated in TNBC and promoted
the growth, migration, and invasion of TNBC cells

We collected the TNBC tissues and non-tumor control tis-
sues of 15 patients, detected the mRNA expression level
of ERf2 in the tissues by qPCR, and found that the level
of ERpP2 was significantly increased in TNBC tissues
(P<0.001, Fig. 1A). Detection of ERB2 protein levels also
showed the same results, and ERB2 protein levels were sig-
nificantly increased in TNBC tissues (P <0.001, Fig. 1B).
We also detected the expression levels of ERP2 in various
TNBC cells and found that the mRNA and protein levels of
ERp2 in MDA-MB-231, MDA-MB-453, and MDA-MB-468
cells were significantly higher than those in normal mam-
mary gland cells MCF-10A (P <0.001, Fig. 1C, D). How-
ever, the mRNA and protein levels of ERB2 in BT-549 and
SUM-159 cells were not significantly different from those
in MCF-10A cells (P> 0.05, Fig. 1C, D).

Afterward, we tried to use si-ERB2 to knock down the
expression level of ERB2. As shown in Fig. 1E, si-ERf2-1
effectively knocked down the expression of ERP2 in
MDA-MB-231 cells, and si-ERp2-1 was used for subse-
quent experiments. Using CCK-8 to detect the activity of
MDA-MB-231 and MDA-MB-468 cells, it was found that
knockdown of ERp2 significantly inhibited the viability of
the two TNBC cells (P <0.001, Fig. 1F). EdU was used to
detect the cell proliferation and it was found that knock-
down of ERf2 significantly inhibited the proliferation of
both MDA-MB-231 and MDA-MB-468 cells (P <0.001,
Fig. 1G). We also detected the mRNA expression levels of
proliferation-related factors CyclinD1 and proliferating cell
nuclear antigen (PCNA) and found that knock down of ER32
significantly inhibited the expression levels of CyclinD1
and PCNA in both MDA-MB-231 and MDA-MB-468 cells
(P<0.001, Fig. 1H). These results indicated that knockdown
of ERpB2 significantly inhibited the growth of TNBC cells,
suggesting that ERp2 promoted the growth of TNBC.
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In addition, Transwell was used to detect the effects of
ERp2 knockdown on TNBC cell migration and invasion. In
both MDA-MB-231 and MDA-MB-468 cells, knockdown
of ERf2 significantly inhibited cell migration and invasion
epithelial-mesenchymal transformation (EMT) is the basis
of cell migration and invasion (P <0.001, Fig. 11, J). In that
case, we detected the expression of EMT-related genes in
TNBC cells. In both MDA-MB-231 and MDA-MB-468
cells, ERB2 knockdown significantly reduced the expres-
sion of MMP-2 and MMP-9 and significantly increased the
expression of TIMP-1 and TIMP-2 (P <0.001, Fig. 1K).
These results suggest that ERp2 can promote the metastasis
of TNBC.

ERB2 promoted TNBC cell proliferation, migration,
and invasion by upregulation of hsa_circ_0000732

Previous studies have shown that ERf plays a role in
the tumor by regulating circRNAs. We further explored
the mechanism of ERB2 in TNBC. The circRNAs which
expression up-regulated in breast cancer were screened
out on circAltas website (http://circatlas.biols.ac.cn/):
hsa_circ_0008717, hsa_circ_0004214, hsa_circ_0005239,
hsa_circ_0001821, hsa_circ_0001175, hsa_circ_0001667,
hsa_circ_0000732, hsa_circ_0001313, hsa_circ_0086241,
hsa_circ_0001875, hsa_circ_0002113 and hsa_
circ_0002874. After ERpP2 was knocked down in MDA-
MB-231 and MDA-MB-468 cells, qPCR was used to detect
the expression of the above circRNAs. It was found that
hsa_circ_0000732 was significantly down-regulated in both
MDA-MB-231 (P <0.001, Fig. 2A) and MDA-MB-468 cells
(P<0.01, Fig. 2B). Subsequently, we detected the expres-
sion level of hsa_circ_0000732 in TNBC tissues and found
that the expression level of hsa_circ_0000732 in TNBC
tumor tissues was significantly up-regulated compared with
non-tumor tissues (P <0.001, Fig. 2C). It is noteworthy that
in TNBC tissues, the expression level of ERp2 is positively
correlated with hsa_circ_0000732 (P <0.01, Fig. 2D).

The expression level of hsa_circ_0000732 was detected
in TNBC cell lines and hsa_circ_0000732 was signifi-
cantly increased in MDA-MB-231 and MDA-MB-468 cells
(P<0.001, Fig. 2E). However, the expression of ERB2 and
hsa_circ_0000732 did not change significantly in BT-549
and SUM-159 cells (P> 0.05, Figs. 1C and 2E), so these
two kinds of cells were used in the gain-of-function experi-
ment. As shown in Fig. 2F, G, ERP2 overexpression plasmid
and si-circ were used to effectively overexpress ERB2 and
knockdown hsa_circ_0000732 in BT-549 and SUM-159
cells (P <0.001). We were pleasantly surprised to find that
overexpression of ERB2 significantly increased the expres-
sion level of hsa_circ_0000732 in both BT-549 and SUM-
159 cells (P <0.001, Fig. 2H), suggesting positive regulation
of ERf2 on hsa_circ_0000732.
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Fig.1 ERP2 was up-regulated in TNBC and promoted the growth,
migration, and invasion of TNBC cells. A ERB2 mRNA expres-
sion was elevated in TNBC tissues; B ERP2 protein expression was
elevated in TNBC tissues; C ERB2 mRNA expression was signifi-
cantly increased in TNBC cell line MDA-MB-231, MDA-MB-453
and MDA-MB-468; D ERp2 protein expression was significantly
increased in TNBC cell line MDA-MB-231, MDA-MB-453 and
MDA-MB-468; E SiRNA was transfected into MDA-MB-231 cells
to effectively knockdown ER2 expression; F knockdown of ERp2
significantly inhibited the activity of TNBC cells; G Knockdown of

ERP2 significantly inhibited TNBC cell proliferation; H knockdown
of ERp2 significantly inhibited the mRNA expression of prolifera-
tion-related factors, CyclinD1 and PCNA, in TNBC cells; I knock-
down of ERP2 significantly inhibited TNBC cell migration and
invasion; J knockdown of ERP2 significantly inhibited the mRNA
expression of MMP-2 and MMP-9, and promoted the mRNA expres-
sion of TIMP-1 and TIMP-2 in TNBC cells. *P<0.05, **P<0.01
and ***P<0.001 compared with non-tumor in A and B; compared
with MCF-10A in C and D; compared with si-NC in E-K
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Fig.2 ERp2 promoted TNBC cell activity and proliferation by upreg-
ulation of hsa_circ_0000732. A When ERf2 was knocked down in
MDA-MB-231 cells, hsa_circ_0000732 and hsa_circ_0002874
expressions were significantly down-regulated; B when ERf2
was knocked down in MDA-MB-468 cells, hsa_circ_0001667,
hsa_circ_0000732 and hsa_circ_0002874 expressions were signifi-
cantly down-regulated; C the expression of hsa_circ_0000732 was
elevated in TNBC tissues; D ERP2 was positively associated with
hsa_circ_0000732 expression in TNBC tissues; E ERP2 overex-
pressed plasmid can effectively increase the mRNA expression level
of ERB2 in BT-549 and SUM-159 cells; F the expression level of
hsa_circ_0000732 in BT-549 and SUM-159 cells was not signifi-
cantly different from that in MCF-10A cells; G Si-circ transfection

By detecting the viability and proliferation of BT-549
and SUM-159 cells, it was found that knockdown of hsa_
circ_0000732 could significantly inhibit the cell viability
and proliferation promoted by overexpression of ERfB2
(P <0.001, Fig. 21, J). Knockdown of hsa_circ_0000732
also significantly reduced the expression levels of CyclinD1
and PCNA, which increased by overexpressed ER(2, in both
BT-549 and SUM-159 cells (P <0.001, Fig. 2K). The results
suggest that ERP2 promotes TNBC cell growth by regulating
hsa_circ_0000732.
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effectively knocked down the expression level of hsa_circ_0000732
in BT-549 and SUM-159 cells; H Hsa_circ_0000732 expression was
significantly increased in BT-549 and SUM-159 cells overexpress-
ing ERP2, and hsa_circ_0000732 expression was cancelled by si-circ
transfection; I ERP2 promoted TNBC cell viability by up-regulating
hsa_circ_0000732; J ERP2 promoted TNBC cell proliferation by
up-regulating hsa_circ_0000732; K ERfP2 promoted the expression
of proliferation-related factors, CyclinD1 and PCNA, by up-regu-
lating hsa_circ_0000732. *P<0.05, **P<0.01 and ***P<(.001
compared with si-NC in A and B; compared with non-tumor in C;
compared with pcDNA3.1 in E, compared with MCF-10A in F, com-
pared with Ctrl in G-K; ##P <0.01 and ###P <0.001 compared with
ERP2+5i-NC in G-K

Transwell was used to detect the migration and invasion
of BT-549 and SUM-159 cells. It was found that knock-
ing down hsa_circ_0000732 could significantly inhibit the
cell migration and invasion accelerated by overexpression
of ERB2 (P<0.001, Fig. 3A, B). At the same time, we
detected the expression levels of EMT-related factors in both
BT-549 and SUM-159 cells. Compared with overexpression
of ERf2, overexpression of ERB2 superposition knockdown
hsa_circ_0000732 can significantly reduce the mRNA
and protein expression levels of MMP-2 and MMP-9, and



Estrogen receptor B2 (ERB2)-mediated upregulation of hsa_circ_0000732 promotes tumor... 261

A B

. Ctrl
mm ERB2+si-NC
mm ER2+si-circ

Ctrl ERB2+si-NC ERB2+si-circ

MDA-MB-231

c D
BT-549 SUM-159
= Ctrl = Ctrl
. ERB2+si-NC mm ERB2+si-NC
3, B ERPB2+si-circ 3- W ERB2+si-circ
ax o

BT-549 = )
|

SUM-159
50

Cell migration (%)
g

MDA-MB-468

»

Relative mRNA expression
Relative mRNA expression

°

MMP-2  MMP-9  TIMP-1  TIMP-2 MMP-2  MMP-9  TIMP-1  TIMP-2

Fig.3 ERP2 promoted TNBC cell migration and invasion by upregu-
lation of hsa_circ_0000732. A ERP2 promoted TNBC cell migra-
tion by up-regulating hsa_circ_0000732; B ERP2 promoted TNBC
cell invasion by up-regulating hsa_circ_0000732; C ERB2 promoted
the mRNA expression of migration and invasion related factors by

significantly increase the mRNA and protein expression lev-
els of TIMP-1 and TIMP-2 (P <0.001, Fig. 3C, D). These
results suggest that ERP2 promotes TNBC cell migration
and invasion by regulating hsa_circ_0000732.

ERPB2 regulated hsa_circ_0000732 expression
by binding to SCARF1 promoter

To further verify the mechanism that ERB2 regulates hsa_
circ_0000732 and participates in the malignant progression
of TNBC cells, we used JASPAR to predict the binding sites
of ERP2 and hsa_circ_0000732. As shown in Fig. 4A, there
are two binding sites (— 659to — 645 and — 436to — 422)
between ERP2 and the promoter of gene symbol SCARF1
of hsa_circ_0000732. Then, we used dual-luciferase gene
reporter assay to verify these two binding sites in BT-549
and MDA-MB-231 cells, respectively. Results as shown in
Fig. 4B-E, ERf2 binds to hsa_circ_0000732 at these two
sites in both BT-549 and MDA-MB-231 cells (P <0.001).
Thus, we confirm that ERB2 promotes the malignant
proliferation and metastasis of TNBC by regulating
hsa_circ_0000732.

Hsa_circ_0000732 targeted regulation of miR-1184
in TNBC cells

CircRNA usually plays a role by sponging with miRNA. We
further explored the downstream regulatory factors of hsa_
circ_0000732. The miRNAs targeted by hsa_circ_0000732
were predicted by the Circular RNA Interactome and
Circbank database, and there were five overlapped miR-
NAs: miR-1184, miR-361-3p, miR-663b, miR-885-3p,
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up-regulating hsa_circ_0000732; D ERP2 promoted the protein
expression of migration and invasion related factors by up-regulating
hsa_circ_0000732; ***P <0.001 compared with Ctrl, ###P <0.001
compared with ERB2 4 si-NC

and miR-885-5p (Fig. 5A). When we’re knocked down of
hsa_circ_0000732 in the MDA-MB-231 cells, the levels
of three miRNA, miR-1184, miR-361-3p, and miR-663b,
were significantly increased, among which miR-1184 was
the most elevated (P <0.001, Fig. 5B). In TNBC tissues, the
expression level of miR-1184 was significantly decreased
(P<0.001, Fig. 5C), and was significantly correlated with
the level of hsa_circ_0000732 (P <0.01, Fig. 5D). In MDA-
MB-231 and MDA-MB-468 cells, the expression level of
miR-1184 was significantly lower than that in MCF-10A
(P<0.001, Fig. 5E). Subsequently, we verified the binding
sites of miR-1184 and hsa_circ_0000732 in MDA-MB-231
and MDA-MB-468 cells using dual luciferase and RIP
experiments, respectively. The results showed that there
was a binding relationship between miR-1184 and hsa_
circ_0000732 and that miR-1184 and hsa_circ_0000732
were enriched in compounds deposited with anti-AGO2 anti-
bodies (P <0.001, Fig. SF-H). In addition, the expression
level of hsa_circ_0000732 was significantly increased and
the expression level of miR-1184 was significantly decreased
after transfection with a miR-1184 inhibitor in both MDA-
MB-231 and MDA-MB-468 cells (P <0.001, Fig. 5I).

Knockdown of hsa_circ_0000732 inhibited
TNBC cell proliferation, migration, and invasion
by up-regulating miR-1184

Hsa_circ_0000732 was knocked down by transfection with
si-circ in MDA-MB-231 and MDA-MB-468 cells signifi-
cantly increased the expression level of miR-1184 (P <0.001,
Fig. 6A). In MDA-MB-231 and MDA-MB-468 cells co-
transfected with si-circ and miR-1184 inhibitor, inhibition of

@ Springer



262

D.Chenetal.

Fig.4 ERp2 regulated hsa_
circ_0000732 expression by
binding to SCARF1 promoter.
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miR-1184 significantly improved cell viability, proliferation,
CyclinD1, and PCNA level induced by knockdown of hsa_
circ_0000732 (P <0.05 or P<0.001, Fig. 6B-D). The results
suggested that hsa_circ_0000732 promoted the viability and
proliferation of TNBC cells by inhibiting miR-1184.

Inhibition of miR-1184 significantly increased the reduc-
tion of cell migration and invasion induced by knockdown
of hsa_circ_0000732 in both MDA-MB-231 and MDA-
MB-468 cells (P <0.05 or P<0.01 or P<0.001, Fig. 7A,
B). Moreover, inhibition of miR-1184 could counteract
the changes in mRNA and protein expression levels of
EMT-related genes by knockdown of hsa_circ_0000732
(P<0.01 or P<0.001, Fig. 7C, D). The results suggested
that hsa_circ_0000732 promoted the migration and invasion
of TNBC cells by inhibiting miR-1184.

Discussion
TNBC has more aggressive behavior and worse disease-

specific outcomes than ERa-positive BC. Although TNBC
accounts for only about 15% of all BC cases, it accounts
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Site2-MUT Site2-WT Site2-MUT

for more than 50% of mortality [2, 3]. Because TNBC is
more aggressive, early and accurate diagnosis can choose a
more appropriate to determine the prognosis and treatment
methods for more time and opportunity Because of the lack
of target receptors, patients with TNBC does not apply to
hormone or by bead sheet resistance to treatment, based on
the current main use of treatment is used alone or a com-
bination of surgery and cytotoxic chemotherapy [17, 18].
Various reports have shown that ERf is expressed in TNBC,
accounting for 15-30% of tissue samples [19-21]. Few stud-
ies have described the nature and role of ER in TNBC, but
available data suggest that its role may be different from that
observed in the presence of ERa [22]. Direct expression of
multiple ER subtypes at both RNA and protein levels has
been reported in BC [23].

Following the discovery of different subtypes of ERp,
the initial studies focused on differences in ERB2 expres-
sion levels in different types of BC. Park et al. believed that
the reduction of ERP2 expression was a key event in the
development of breast cancer [24]. ERB2 expression levels
were significantly reduced in tumors, especially in tumors
with ERa expression, compared with corresponding normal
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Fig.5 Hsa_circ_0000732 targeted regulation of miR-1184 in TNBC
cells. A The miRNAs targeted by hsa_cira_0000732 were predicted
by Circular RNA Interactome and Circbank database, and there
were five overlapped miRNAs; B the expression levels of miR-1184
and miR-663b were significantly increased in MDA-MB-231 cells
with hsa_circ_0000732 knockdown, *P<0.05 and ***P<0.001
compared with si-NC; C the expression of miR-1184 was signifi-
cantly decreased in TNBC tissues, ***P<0.001 compared with
non-tumor; D the expression of miR-1184 was negatively correlated
with hsa_circ_0000732 in TNBC tissues, P<0.01; E MiR-1184 was
low expressed in TNBC cells MDA-MB-231 and MDA-MB-468,

tissues. Zhao et al. found that ERP2 negatively regulates
ERa-mediated effects related to breast cancer development,
including hormonal responses [25], which may be one of the
reasons for its influence on breast cancer development. The
relationship between ERP2 expression level and prognosis
of BC has also been reported by more scholars. In patients
with late-onset breast cancer, ERB2 expression levels are
specifically associated with tumor size, and higher ERp2
levels are associated with a better prognosis than ERf1 sub-
types [26]. Nuclear ERP2 is significantly correlated with
disease-free survival (DFS) and overall survival (OS) and
can predict the response to endocrine therapy [27]. Clinical
studies suggested that ERB2 might be an independent prog-
nostic marker and therapeutic target for BC [28]. The study
evaluated ERP1 and ERB2 expression in 101 BC patients and
found that ERB2 expression rate was 50.5% (51/101) in pri-
mary breast cancer tissues. DFS and OS were significantly

Relative mRNA expression

B miR-1184 inhibitor miR-1184 inhibitor

Relative mRNA expression

miR-1184 hsa_circ_0000732

hsa_circ_0000732

miR-1184

*#%P <0.001 compared with MCF-10A; F schematic diagram of
binding sites of hsa_circ_0000732 and miR-1184; G the results of
dual luciferase assay showed that there was a binding relationship
between hsa_circ_0000732 and miR-1184, ***P<(0.001 compared
with mimic NC; H RIP results showed that hsa_circ_0000732 and
miR-1184 were enriched in compounds precipitated by anti-AGO2
antibodies, ***P <0.001 compared with IgG; I the expression level
of hsa_circ_0000732 was significantly increased in TNBC cells with
miR-1184 knockdown, ***P <0.001 compared with miR-NC inhibi-
tor

worse in patients whose tumors expressed ERp2, and ERp2
expression was significantly associated with shorter DFS in
patients treated with tamoxifen [28]. There are also some
reports on the role of ERB2 in TNBC, which ERa does not
express. ERP2 and ERpS increase aggressiveness of TNBC
by regulation of hypoxic signaling [29]. ERB2 is the main
endogenous form of TNBC tumors and cell lines, and a high
ERp2 level predicts poor clinical prognosis. Endogenous
ERp2 can promote cell proliferation, migration and inva-
sion, and expression of surviving [30]. Bialesova et al. also
found that estrogen receptor 2 induced TNBC cell prolif-
eration and invasion is related to the regulation of PHD3 and
HIF-1a [31]. Our study found that ERB2 was up-regulated
in TNBC and promoted the growth, migration, and invasion
of TNBC cells, which was consistent with previous studies.

In a study of the circRNA profile of breast cancer brain
metastasis, hsa_circ_0000732 was identified to increase
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Fig.6 Knockdown of hsa_circ_0000732 inhibited TNBC cell viabil-
ity and proliferation by up-regulating miR-1184. A Knockdown of
hsa_circ_0000732 by si-circ significantly increased the level of miR-
1184 in TNBC cells, and miR-1184 inhibitor transfection effectively
reduced the level of miR-1184; B knockdown of hsa_circ_0000732
inhibited TNBC cell activity by upregulating miR-1184; C knock-

brain metastatic breast cancer cell line 231-BR by RNA-seq
compared with its parental involvement nonspecific meta-
static cell line MDA-MB-231 [32]. Our study found that hsa_
circ_0000732 was up-regulated in TNBC tissues and posi-
tively correlated with ERB2 level. Using RNA interference
and dual-luciferase gene reports, we identified the targeting
relationship between ERB2 and hsa_circ_0000732 and con-
firmed that ERB2 positively regulates hsa_circ_0000732 to
promote TNBC cell growth, migration, and invasion. There
are few reports about hsa_circ_0000732, and this study is
the first to find the mechanism of its involvement in BC
development.

CircRNAs usually play a regulatory role through
sponge miRNAs, and we predicted and verified that hsa_
circ_0000732 promotes cell growth and metastasis through
sponge miR-1184 in TNBC cells. MiR-1184 has been
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down of hsa_circ_0000732 inhibited TNBC cell proliferation by
upregulating miR-1184; D knockdown of hsa_circ_0000732 inhibited
the expression of proliferation-related factors, CyclinD1 and PCNA,
by upregulating miR-1184, ***P<0.001 compared with si-NC,
#P <0.05 and ##HP <0.001 compared with si-circ + miR-NC inhibitor

reported as a tumor suppressor in a variety of cancers,
such as miR-1184 regulates the proliferation and apoptosis
of colon cancer cells by targeting CSNK2A1 [33]. Mul-
tiple reports have confirmed that multiple circRNAs are
involved in tumor development through sponge miR-1184
in bladder cancer: circBC048201 inhibits the prolifera-
tion, migration, and invasion of bladder cancer cells by
miR-1184/ITGA3 axis [34]; silencing circRNA VANGL1
inhibits bladder cancer progression by regulating the miR-
1184/IGFBP2 axis [35]; circCA12 promotes malignant
processes in bladder cancer through sponge miR-1184 and
upregulated RAS family [36]. Besides, hsa_circ_0128846
promotes tumorigenesis of colorectal cancer by sponging
miR-1184 and releasing AJUBA, and inactivating Hippo/
YAP signaling [37]. These studies have demonstrated that
miR-1184 can inhibit cancer development and metastasis.
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Fig. 7 Knockdown of hsa_circ_0000732 inhibited TNBC cell migra-
tion and invasion by up-regulating miR-1184. A Knockdown of
hsa_circ_0000732 inhibited TNBC cell migration by up-regulating
miR-1184; B knockdown of hsa_circ_0000732 inhibited TNBC
cell invasion by up-regulating miR-1184; C knockdown of hsa_
circ_0000732 inhibited the mRNA expression of migration and inva-

In BC cells, hsa_circ_0001598 promotes programmed
death ligand-1 (PD-L1)-mediated immune escape and
trastuzumab resistance by sponge phagocytosis of miR-
1184 [38]. The circ_0001598/miR-1184/PD-L1 signaling
pathway plays a key role in the progression of BC and the
regulation of trastuzumab resistance phenotype [38]. Our
results suggest that miR-1184 has inhibitory effects on cell
growth, migration, and invasion in TNBC cells, which are
offset by the effects of the hsa_circ_0000732 sponge. This
is similar to previous studies, but we confirmed for the
first time the antitumor effect of miR-1184 in TNBC and
the mechanism of miR-1184 in hsa_circ_0000732 sponge.

Subsequent studies can continue to explore the down-
stream target genes of miR-1184, or turn to explore the
role and potential mechanism of other subtypes of ERf
in TNBC.

Conclusion

Our present study found that ERB2 is upregulated in some
TNBC cell lines and promotes TNBC cell growth, migra-
tion, and invasion by regulating hsa_circ_0000732 target-
ing miR-1184. ERB2 regulates hsa_circ_0000732 expression
by binding to SCARF1 promoter, and hsa_circ_0000732
promotes TNBC cell proliferation, migration and inva-
sion through sponge miR-1184. The special role of ERp2
in TNBC may be the breakthrough of a targeted treatment
strategy for TNBC.

sion related factors by up-regulating miR-1184; D knockdown of
hsa_circ_0000732 inhibited the protein expression of migration and
invasion-related factors by up-regulating miR-1184; ***P <(.001
compared with si-NC, #P <0.05, ##P <0.01 and ###P <0.001 com-
pared with si-circ + miR-NC inhibitor
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